Two new aromatic glycosides, named as gladioside I (1) and II (2) were isolated from the culture broth of a soil bacterium, Burkholderia gladioli OR1. Both 1 and 2 contained one unit each of rhamnose and 3-O-methyl xylose and differed from each other in the aglycone part. Compound 1 contained an aromatic aldehyde and compound 2 contained a styrylcarbamate unit as the aglycone part. The structures of 1 and 2 were elucidated by detailed spectral analysis and chemical degradation.
The genus Burkholderia has been proven to be a very efficient biocontrol agent against several fungal and bacterial diseases in recent times [1, 2] . Various species of Burkholderia, primarily B. cepacia, have been found to exhibit inhibitory activity against many potential pathogens [3] [4] [5] [6] [7] [8] [9] . Burkholderia species have been a source of many potentially bioactive products, some possessing antibacterial activity [9, 10] .
In the search for less toxic, but more potent antibiotics responsive to the major pathogens that have acquired resistance to the existing antibiotics, a novel strain of B. gladioli OR1, isolated from rhizospheric soil of the cowpea plant, was found to exhibit activity against the multi-drug resistant (MDR) clinical pathogen, Staphylococcus aureus (resistant to amikacin, ciprofloxacin, clindamycin, clinafloxacin, erythromycin, gentamicin and methicillin). The organic extract of B. gladioli OR1 was found to inhibit the growth of many antibiotic-resistant bacterial and fungal strains [11] , and a phthalate was recently reported as an active compound from this extract [12] . This study presents the isolation from the same extract and structural characterization of two novel
A fermentation broth of B. gladioli OR1 was extracted with chloroform and fractionated by vacuum liquid chromatography (VLC) with n-hexane-ethyl acetate-methanol in stepwise gradient. It was further purified by column chromatography using a RP cartridge followed by semi-preparative HPLC over a C 18 phenomenex column using methanol -water as mobile phase to give gladioside I (1, 0.04% of CHCl 3 extract) and gladioside II (2, 0.07% of CHCl 3 extract).
The HRESIMS study of compound 1 showed the molecular ion peak at m/z 437.1419 as the sodium adduct [M + Na] + (calcd for C 19 H 26 O 10 Na, 437.1418). The ESI-MS showed fragment ions at were of quaternary nature. The carbon signal at δ C 193.4 indicated the presence of a carbonyl group. There were two carbon signals for four aromatic carbons at δ C 118.0 (C-3 and C-5) and 133.3 (C-2 and C-6) and an OCH 3 at δ C 61.5. The remaining 11 carbons corresponded to those of the sugar region indicating the presence of one hexose and one pentose sugar. These two sugars were determined as rhamnose and 3-O-methyl xylose. The presence of rhamnose was confirmed by means of acid hydrolysis (as detailed in experimental section). The second pentose sugar was determined as 3-O-methyl xylose based upon COSY, HMBC and ESIMS studies. The anomeric carbon signals of these two sugars were displayed at δ C 99.5 (C-1ʹ) and 106.2 (C-1ʹʹ). The HMBC spectrum showed the correlation of the proton at δ H 7.14 (H-3 and H-5) with the carbon at δ C 132.8 (C-1); and the proton at δ H 7.80 (H-2 and H-6) with the carbon at δ C 163.1 (C-4). The anomeric proton at δ H 5.49 (s, 1H, H-1ʹ) showed correlation with the carbon at δ C 163.1 (C-4), which indicated that rhamnose is directly connected to the aglycon moiety at the C-4 position. The H-1ʹ proton also showed correlation with the carbon at δ C 70.0 (C-5ʹ). The methyl protons at δ H 1.20 (d, J = 6.2 Hz, H-6ʹ) showed correlation with the carbon at δ C 70.0 (C-5ʹ) of rhamnose. The anomeric proton at δ H 4.20 (H-1ʹʹ) showed correlation with the carbon at δ C 84.2 (C-4ʹ), which indicated a 1→4 linkage between the two sugars. This anomeric proton also showed correlation with the methylene carbon of 3-O-methyl xylose at δ C 67.3 (C-5ʹʹ). The OCH 3 protons at δ H 3.53 showed correlation with the carbon at δ C 87.8 (C-3ʹʹ), which indicated that the OCH 3 group is present at C-3ʹʹ of the xylose sugar moiety. The HMBC as well as 1 H-1 H COSY correlations, as shown in Figure 1 , confirmed the structure of 1. Experiments to determine L or D configuration of rhamnose and xylose could not be conducted due to paucity of material, however it is reported that most of the naturally occurring glycosides have rhamnose and xylose in L and D configurations, respectively [13, 14] .
The HR-ESIMS of compound 2 showed the molecular ion peak at m/z 508. The trans proton at δ H 6.98 (H-1) showed HMBC correlation with the aromatic quaternary carbon at δ C 131.1 (C-1ʹ) . Similarly the second trans proton at δ H 5.92 (H-2) showed HMBC correlation with the aromatic carbons C-2ʹ and C-6ʹ. The aromatic protons at δ H 7.11 (H-2ʹ and H-6ʹ) showed HMBC correlation with the aromatic quaternary carbon at δ C 154.8 (C-4ʹ). Similarly, the aromatic protons H-3ʹ and H-5ʹ also showed HMBC correlation with the aromatic quaternary carbon C-1ʹ. The OCH 3 proton at δ H 3.62 (s) showed HMBC correlation with the carbonyl carbon at δ C 155.5. The anomeric proton of rhamnose at δ H 5.29 showed correlation with the aromatic quaternary carbon at δ C 154.8 (C-4ʹ), which suggested that the rhamnose is directly attached to the aglycon moiety. The anomeric proton of the 3-O-methyl xylose at δ H 4.20 (d, J= 7.6 Hz, 1H, H-1ʹʹʹ) showed correlation with the carbon of rhamnose at δ C 82.7 (C-4ʹʹ), which indicated the 1→4 linkage between the two sugars. The 1 H-1 H COSY also showed the complete spin system of the xylose moiety. All these data suggested the structure of 2 as shown in Figure 1 .
Experimental
General: All chemicals and solvents used for extraction and isolation were of analytical grade. Chromatographic materials, including silica gel and precoated silica gel 60 F254 TLC plates (0.2 mm), were obtained from Qualigens and Merck, respectively.
Microbial source:
Bacterial strain B. gladioli OR1 used in our previous study, was isolated from the rhizospheric soil of cowpea plants [19] . It was identified on the basis of morphological, biochemical and 16S rRNA data and deposited in the Microbial Type Culture Collection at the Institute of Microbial Technology, Chandigarh, India, under the Genbank accession number MTCC11251. The isolate was cultured on nutrient agar media (Himedia) and stored as glycerol stocks.
Instruments: IR spectra were recorded on a Fourier transform Perkin-Elmer instrument. 1 H and 13 C NMR spectra were recorded in either deuterated chloroform or methanol solution on a Bruker Avance-III 400 spectrometer at 400 MHz for 1 H and 100 MHz for 13 C NMR. High resolution mass spectra (HRMS) were obtained using a Waters Q-ToF Micro spectrometer. Semi-preparative HPLC was performed with a Shimadzu system LC-10AVP using a reverse-phase C-18 column, Phenomenex (250 × 4.6 mm, 5 μ particle size) and Princeton (250 × 10 mm, 5 μ particle size) with CLASS VP software v.6.14 coupled to a photodiode array detector. Optical rotations were recorded in chloroform using a Rudolph Research Analytical Autopol IV Automatic polarimeter.
Fermentation, extraction and isolation:
Overnight grown seed culture (1.0%) of B. gladioli OR1 was inoculated into GYE (glucose-1.0%; yeast extract-0.05%; pH-7.0) broth and incubated at 30ºC on a rotary shaker at 130 rpm for 24 h. The supernatant obtained after centrifugation of the culture broth was extracted with equal volumes of chloroform. The solvent was evaporated to obtain an organic extract which, after its TLC profiling, was separated by VLC using a n-hexane-ethyl acetate-methanol stepwise gradient. The final purification was made using a reverse-phase HPLC (SHIMADZU-SCL-10AVP, column -Phenomenex C 18 250 mm x 4.6 mm and Princeton C 18 250 mm x 10.0 mm). The methanolwater elution gradient for obtaining gladioside I (10 mg) and gladioside II (19 mg) was 50-85% for 35 min.
Acid hydrolysis of 1 and 2:
For the acid hydrolysis, 1 mg of gladioside I was refluxed with 1.66 mL of 2N HCl at 60ºC for 2 h and 200 μg of gladioside II was refluxed with 20 μL of TFA at 80ºC for 2 h. After refluxing, both solutions were cooled. The glycon portion was extracted with water and the aglycon portion with Aromatic glycosides from soil bacterium, Burkholderia gladioli Natural Product Communications Vol. 11 (5) 
